Effect of gamma irradiation on physicochemical properties and microbiological quality of wet water spinach yellow (WYS) noodles were investigated. Water spinach has been substituted with the wheat flour at level 5%, 10% and 15% and irradiated at 0 kGy, 3 kGy, 5 kGy and 7 kGy with a dose rate of 34 Gy/minutes by using Cobalt-60. Gamma irradiation significantly decreased the cooking yield, hardness and lightness while significantly increased cooking loss and breaking length of WYS noodles. All doses of irradiation did not affect the moisture content, pH, water activity, greenness and yellowness of the noodles. Cross sections of WYS noodles were observed under VPSEM at 500X magnification and irradiation gave little changes to starch granules. Increasing substitution level of water spinach and irradiation dose showed elongated and clumped together. Moisture content and color of yellow noodles increased gradually on increasing the level of water spinach substituted. However, a decreasing trend was observed in breaking length, hardness, lightness and yellowness. Total plate counts of the WYS noodles that stored at 27°C were examined at day 0, 3 and 5. It showed that certain dose such as 7 kGy of irradiation able to reduce the bacteria count in noodles. On day 5, most of the samples showed high bacteria count more than 10 8 CFU/g was not safe to be consumed. In conclusion, gamma irradiation and substitution of water spinach gave significantly effect cooking properties, textural properties and lightness while no effect on moisture content, pH, water activity, greenness and yellowness of WYS noodles.
Introduction
Yellow noodles or the other name yellow alkaline noodle is one of the popular types of noodles that were used among Malaysian in making noodles dish. Yellow noodle was originated from China and was introduced to Southeast Asia by immigrants from Conton and Hokkien (Fu, 2008) . Basic ingredients in making yellow noodles are wheat flour, water, alkaline salt and salt (Karim and Sultan, 2015) . After mixed the all the ingredient, the dough is sheeted, cut, boiled, cooled by drain the water and oiled.
Yellow noodle is a food product that contains high carbohydrates that comes from wheat. However, it has low amount of other nutrition content for example fiber. Recently, vegetables were widespread and being commercialized. Vegetables are fortified in noodles to improve the nutritional value of it. Besides that, good quality characteristics of yellow noodles must have strong elasticity and low cooking loss (Karim and Sultan, 2015) . However, substituted of wheat flour with dried pumpkin powder able to increase the fiber content but it reduces the elasticity and increases the cooking loss (Aukkanit and Sirichokworrakit, 2017) . This is because the reduced wheat flour level will reduce the protein content that provides glutenin and gliadin which form a strong gluten network when mixed with water (Li et al., 2014) . Different findings were reported by Ho and Che Dahri (2016) increasing the level of substitution with watermelon rind reduced the cooking loss and firmness of yellow noodles.
Water spinach or Ipomoea aquatica is a vegetable that commonly found and widely consumed in Malaysia (Igwenyi et al., 2011) . It is high in carbohydrates, dietary fiber, mineral and vitamin content that provide a lot of health benefits (Umar et al., 2011) . Therefore, it is usually stir-fried and consumed with rice. Water spinach contains high in insoluble fiber than soluble fiber. However, water spinach has low protein content and free of gluten (Umar et al., 2011) which will produce yellow noodles with weaker gluten network and low elasticity.
Other than that, yellow noodle has a short shelf life because of higher moisture content and water activity (Karim and Sultan, 2015) . It will spoil if it is not kept in low-temperature condition. In the food industry, commonly chemical preservatives such as potassium sorbate, sodium dehydroacetate and calcium propionate are used to prolong the shelf life (Li et al., 2011) . Nowadays, consumer demands for product that free from chemical preservative. Irradiation as a method of preservation has an excellent potential to improve food safety and extend the shelf life (Lacroix et al., 2004) .
Irradiation is a process of exposing food to controlled levels of ionizing radiation (high energy electromagnetic waves) to kill harmful bacteria, pests, or parasites, or to preserve its freshness (Lacroix et al., 2004) . Cobalt-60 and Cesium-137 are examples of irradiation source used in the irradiation process (Kalyani and Manjula, 2014) . The process of food irradiation is often called cold pasteurization or nonthermal treatment because this treatment did not involve heat. According to Jianming (1998) , recommended dosage of irradiation for noodles to extend the shelf life is at 8 or 10 kGy. However, Li et al. (2011) reported in his study low dose irradiation able to act as disinfection and the best irradiation for noodles is 4 kGy. Besides that, irradiation cause breakdown of carbohydrate in starch, pectin, cellulose to simple sugar like glucose and maltose (Dauphin and Saint-Lebe, 1977) and leads to a reduction in the viscosity and loss texture (Dwight and Kersten, 1939) . The objective of this research was to determine the effect of gamma irradiation dose on physicochemical properties and microbiological quality of wet yellow noodle fortified with water spinach.
Materials and methods

Water spinach puree preparation
Water spinach was obtained from supermarket in the local market. It was washed and blanched in boiled water for 10-15 s. Then, the stalks and leaves were cut for every 3 cm. Next, it was blended with water for 3 mins by using blender (Panasonic MX-GM1011). After that, the blended was filtered and squeezed with a muslin cloth to remove water until the moisture content of water spinach puree reached around 80%.
Noodle preparation
Formulations of noodles (Table 1) were based on the methods by Aukkanit and Sirichokworrakit (2017) with some modification. The water spinach was substituted for the wheat flour with three levels of substitutions at 5, 10 and 15% w/w. The water spinach was mixed with egg, water, salt and sodium carbonate until dissolved. Then, the mixture was mixed with wheat flour by mixer (Kitchen Aid Pro Stand Mixer, USA) at speed 1 for 1 min 20 s. Continued mixed with speed 2 for 4 mins and followed by hand kneading for 5 mins. The dough was covered with plastic and left resting for 20 mins. The dough was sheeted and cut into noodle strands with 2 mm in width × 1 mm in thickness by noodle-making machine (Marcato Ampia 150, Italy). The noodles were cooked in boiling water (100±0.5°C) for 30-35 s then it cooled immediately under water for 1 min, drained to remove surplus water and mixed with cooking oil. Then, it packed in sealed polypropylene (PP) and kept in the chiller for further analyses.
Irradiation treatment for the noodles
The irradiation treatment was done at Sinagama Irradiation Facility, Malaysian Nuclear Agency Bangi, Kajang, Selangor. Each formulation was irradiated at 0, 3, 5 and 7 kGy by using 60 Co source. The dose rate was 34 Gy/min.
Determination of moisture content
Moisture content of sample was determined according to the oven drying method at temperature 105°C for 8 hrs. (Zawawi et al., 2014) .
Determination of pH
The method was referred to Ho and Che Dahri (2016) with a slight modification of mixing time. Approximately 10 g of the noodle samples were blended with 100 mL of distilled water for 1 min. Then, the solution was filtered, and the pH was measured by using calibrated pH meter (Jenway 3505, UK). The pH meter had been calibrated by using buffer solutions of pH 4.0 FULL PAPER Ingredient 5% WSY 10% WSY 15% WSY Wheat flour 95 g 90 g 85 g Water spinach (WS) 5 g 10 g 15 g Water 10 g 10 g 10 g Egg 25 g 25 g 25 g Sodium Carbonate 1 g 1 g 1 g Salt 1 g 1 g 1 g Cooking Oil 10 g 10 g 10 g and 7.0 before taking the reading.
Determination of water activity
Water activity of each sample was determined by using Aqualab Model Series 3 TE (Pullman, Washington, USA) at 25°C.
Cooking properties
The method described by Zawawi et al. (2014) was used to determine cooking yield and cooking loss of noodles. Cooking yield was determined by cooking 10 g of noodles in a beaker with 150 mL boiling distilled water for 10 mins by using a hotplate. The beaker was covered with aluminium foil to prevent evaporation and stirred continuously. Then, the cooked noodles were cooled for 15 mins. The noodle was weighted, and the cooking yield was measured by the equation (1) below:
After that, cooking water was transferred into 250 mL volumetric flask and distilled water was added until the mark. The volumetric flask was shaken until the cooking water solution homogenized. A total of 10 mL of the solution was put into a dried crucible and left to dry for a day in oven (Memmert, Germany) at 105°C. The cooking loss was measured by equation (2) below:
Where A = weight of crucible + dry cooked water sample; B = weight of crucible; and C = noodles moisture content
Color analysis
Color analysis method was referred from with Zawawi et al. (2014) slight modification. The noodles were packed tightly in 5 cm x 5 cm sealed translucent plastic bag. The noodles color was determined by calibrated Hunter lab (UltraScan PRO D65, USA). The values of L*, a* and b* were recorded based on CIELAB.
Textural properties
The hardness of noodles was measured using a CT3 Texture Analyzer (TexturePro CT V1.4, USA) fitted with 4.5 kg load cell and knife edge (clear acrylic 8 g, 60 mm wide) was used as a probe. A total of five strands of noodles with a length of 5 cm were rested on the fixture base table and were cut by knife probe at speed of 2 mm/ s. The distance of the probe from the platform was 20 mm. Five replicates of each sample were determined under the TPA test. Same texture analyzer was used for breaking length test with dual grip assembly as a probe. A strand of noodles was griped at both ends by dual grip assembly. Trigger load was 6.0 g. Each sample of triplicates was determined under tension test with pretest, test and return speed at 1 mm/s according to method Sirichokworrakit et al. (2015) .
Morphology observation
The method was referred to as Sung and Stone (2005) with modification. Morphology of starch granules of the samples was examined using a Variable Pressure Scanning Electron Microscope (LEO 1455 VPSEM, Cambridge, England). The samples were wiped with tissue to remove the oil before attached to the stub using carbon conductive adhesive 502. Then, the samples were dried in oven (Memmert, Germany) at 50°C for 5 mins. The cross-section of noodle was observed with a magnification of 500x and with an accelerating potential of 20 kV.
Determination of total plate count
After irradiation, each sample was stored at 27°C. Total plate counts of the samples were examined for day 0, 3 and 5. Based on method Ghaffar et al. (2009) , 25 g of the sample was mixed with 225 mL 0.1% peptone water in a stomacher bag using a stomacher machine for 120 s. Serial dilutions of the sample by using 0.1% peptone water were done. 0.1 mL of the appropriate dilutions were spread onto sterile petri plates containing plate count agar (PCA) plates and then was incubated at 37°C for 48±2 hrs.
Statistical analysis
Statistical analyses were conducted using Minitab16. The results obtained from the present study are represented as the mean values of three individual replicates ± the standard deviation. One-way analysis of variance was performed and significant differences between the mean values were determined using Turkey's tests at a significance level of p<0.05. Figure 1 shows the moisture content of 5%, 10% and 15% WYS noodles with different irradiation dose. Irradiation was not prominent on the moisture content of 5% and 15% WYS noodles but gave a significant effect only on the moisture content of 10% WSY noodles. A similar pattern of results was obtained in Lotus stem starch which moisture content had no significant difference in increased of irradiation dose Gani et al. (2013) . Mohd Adzahan et al. (2019) reported moisture loss in irradiated starches were insignificant. This is because, irradiation is a non-thermal process, so moisture FULL PAPER (1) (2) eISSN: 2550-2166 © 2019 The Authors. Published by Rynnye Lyan Resources loss does not occur. However, samples with different levels of water spinach substitution and treated at similar irradiation dose exhibited a significant increase in moisture content, where 15% WYS noodle has the highest moisture content than 5% and 10% WYS noodles. Water spinach consists of 80% moisture content so the moisture content of the noodles will increase when the water spinach was substituted for the wheat flour (Sirichokworrakit et al., 2015) . High moisture content is undesirable because it will decrease the gluten level in the dough, hence decrease the sheeting ability during noodles production (Zawawi et al., 2014) .
Results and discussion
Effect of gamma irradiation on the physicochemical properties of water spinach noodle
High pH value of noodle sample in range 9 to 11 is contributed by alkaline salt used (Miskelly, 1996) . It is desirable to produce tougher dough of noodle by strengthening the bonding forces within the starch granules that leads to firmer texture (Ho and Che Dahri, 2016) . Table 2 indicates the pH value of the noodles of the samples. No significant differences in pH value were observed in noodles treated with different irradiation dose. This result might be due to the low irradiation dose that gave little effect on starch granules. In contrast, Gani et al. (2012 Gani et al. ( , 2013 stated that pH value of starches decreased with increasing of irradiation dose due to the increase of carboxyl content which might form during the breakdown of starch molecules by the action of free radicals.
Water activity reflects the free water present in the food. Higher water activity accelerates the spoilage process if the food is not stored at a low temperature. According to Li et al. (2011) , the water activity of wet yellow noodles is 0.979, a value considered high for water activity hence gives the best condition for bacteria and yeast to grow. Water activity in of WSY noodles with different irradiation dose is shown in Table 3 .
Except for 5% WSY noodles with 0 kGy irradiation, other WSY noodles had significantly higher water activity that could be due to the presence of water spinach. Increasing irradiation dose and level of water spinach substitution did not give significant differences in water activity for all samples. Similarly, no significant difference in water activity was reported when increasing of irradiation dose in maize and genotypes seed (Yadav and Singh, 2013) 
Cooking properties
The ability of noodles to absorb water due to the changes during gelatinization of starch increased the cooking yield in noodles (Chin et al. 2012) . Regardless of water spinach substitution amount, Figure 2 shows that there was a significant decrease of cooking yield with increased irradiation dose, where 0 kGy had the highest cooking yield than 3, 5 and 7 kGy. This shows irradiation treatment decreases the cooking yield of WSY noodles. It has been proposed that breakdown of starch occurred during irradiation (Dauphin and Saint-Lebe, 1977) thus reducing the gelatinization process. The starch granules were elongated and might affect the water absorption in granules. No significant difference in the cooking yield in the noodles was observed when water spinach substitute in the noodles increased for 5, 10 and 15%. The low-dose irradiation did not cause any changes in water and fiber content in food products The cooking loss reflects the amount of starch component that diffused out from the noodles to water during cooking and high value of it is undesirable (Chin et al., 2012) . Increasing of cooking loss is indicative of a weak gluten network. Figure 3 shows there was significantly greater cooking loss with increasing irradiation dose. Similarly, Azzeh and Amr (2009) reported a higher cooking loss in noodles when irradiation dose increased attributed to the degradation of starch into simpler compounds such as dextrin, maltose and glucose that is difficult to entrap in gluten network. Besides that, gamma irradiation also causes damage to gluten network (Köksel et al. 1996; Azzeh and Amr, 2009) . In contrast, the substitution of water spinach in the noodles did not significantly affect the cooking loss. The water spinach might not interrupt the gluten development during the processing time. Table 4 shows there was a significant difference in breaking length of the WSY noodles with different irradiation dose. Breaking length of WSY noodles increased when irradiation dose increased implying that noodles treated at higher irradiation are stronger. The strength of noodles is primarily ruled by other factors such as water absorption in starch granules that affects the texture of the noodles. However, the previous study reported increased in irradiation dose cause slight damage to the gluten network (Köksel et al., 1996) which might reduce the breaking length of WYS noodles. Vakil et al. (1973) stated that irradiations of wheat affect the textural properties of food products due to molecular fragmentation of starch and proteins. Based on Table 5 , the decreased hardness of irradiated WSY noodles might influence the breaking length of irradiated WSY noodles. The 15% WSY noodles treated at all irradiation dose have the lowest breaking length due to a higher amount of water spinach which disrupts and weaken the gluten network in the noodles. Addition of higher level of WS affects the formation of the gluten network. Same findings also reported when there is a higher level of substitute with wheat flour, the breaking length will decrease due to development of weaker gluten networks (Chin et al. 2012; Aukkanit and Sirichokworrakit, 2017) .
Textural properties
According to Zawawi et al. (2014) , the hardness of noodles depends on the protein content in the noodle and wheat flour contains 80-90% gluten of total protein (Khatkar, 2014) which was responsible for the dough strength. Table 5 indicates the hardness of all the noodles samples. As the amount of water spinach increased from 0% to 15%, the hardness of noodles significantly decreased for all irradiation. This result was because gamma irradiation damages the gluten content (Köksel et al. 1996; Azzeh and Amr, 2009 ) in the noodles, thus weakened the gluten networks. Besides, irradiation caused the breakdown of starch (Dauphin and Saint-Lebe, 1977) in the gluten network that makes the network less compact and resulted in softening of FULL PAPER Figure 2 . Cooking yield of WSY noodles. Values denoted with the same capital letter are not significantly different p<0.05 among the dose of irradiation with the same formulation. Values with the same small letter are not significantly different p<0.05 among the WSY noodles formulation with the same dose of irradiation. noodles. Significant differences were observed in the hardness of noodles made with different levels of WS, where 5% WSY noodles exhibited higher hardness than 10% and 15% WSY noodles. 5% WSY noodles have the highest amount of wheat flour led to higher gluten content which made the texture of noodle hard. Increased dose of irradiation caused the starch to elongate, resulting in increased breaking length. However, irradiation also caused damaged to gluten that weakens the starch-gluten networks, consequently softening the texture of noodles. As a result, the hardness of noodles decreased with the increased dose of irradiation.
Dose of Irradiation
Color of noodle
There were significant differences in lightness (L*) of WSY noodles with different irradiation dose as shown in Figure 4 . Among the irradiation dose tested, all samples treated at 7 kGy had the darkest noodles strands, reflected by the lowest L value. Increasing on substituted of water spinach caused the darker in color of noodles. After irradiation, the L*value decreased, probably due to the Maillard reaction between sugars and protein residues (Lee et al. 2003) or transformation of chlorophyll content (Sokhey et al. 1993) exposed to radiation at higher dosage. Figure 5 indicates the a* of all the noodles. a* indicates greenness in WSY noodles. The 5% and 15% WSY noodles showed no significant differences in a* among different irradiation dose. Significant differences were observed in the greenness among the formulation, where a* increased when water spinach substitute level increased this sentence somewhat contradict with line 299-300. This is because water spinach provides chlorophyll pigment in the noodles. b* indicates yellowness of the noodles. Yellowish color appearance for noodle is attributed by the presence of natural flavonoid pigments in flour, which is colorless at acidic pH levels but turns to yellow at alkaline pH levels (Fu, 2008) . Figure 6 shows b* of the WSY noodles. Dosage of 7 kGy gamma irradiation caused a significant decrease of b* for 10% and 15% WSY noodles. Gamma irradiation may cause color degradation in noodles.
Morphology of cross-section in the noodles
The scanning electron micrographs of the wheat starch granules in noodles were shown in Figure 7 , 8 and 9. The wheat starch granules had spherical and oval shapes with smooth surfaces for non-irradiated noodles. There were no obvious changes or signs of damage on the starch granules shape and surfaces when irradiated at 3 and 5 kGy. However, the starch granules with higher irradiation dose and water spinach substitution have caused imperfections on their external structures such as the shape became elongated, dented and rougher than the surface of non-irradiated samples. Wheat starch contains two different starch granule size which is large size (type A) >10 µm and small size (type B) <10 µm (Zhang et al., 2013) -a and b type shows the diffraction pattern, not the size of granules. According to Gani et al. (2013) , the irradiated starch from 0 kGy to 20 kGy showed no significant change in starch granules. However, increasing substitution of water spinach show starch granules clumping together.
Microbiological changes
The level of 10 6 CFU/g is the maximum colony count in fresh noodles that are indicated as limitation for consumer (Lacroix et al. 2004; Ghaffar et al. 2009; Figure 6 . b* value for the WSY noodles. Figure 5 . a* value for the WSY noodles.
Values denoted with the same capital letter are not significantly different p<0.05 among the dose of irradiation with the same formulation. Values with the same small letter are not significantly different p<0.05 among the WSY noodles formulation with the same dose of irradiation. Table 6 shows the TPC of WSY noodles after stored at 27°C for 5 days. It showed that certain dose such as 7 kGy able to reduce bacteria count in noodles. On day 5, 15% WYS noodles for all irradiated dose were spoiled and most of the samples were not safe to be consumed. This might due to high moisture content and water activity in the WYS noodles which accelerate the growth of microorganisms. Li et al. (2011) stated combination of reduced water activity and lower irradiation dose in noodles can prolong the shelf life of fresh noodles for more than a week. The maximum shelf life of fresh yellow noodles is about two weeks.
Conclusion
In conclusion, gamma irradiation had significantly changed some of the physicochemical properties and microbial quality of WYS noodles. Regardless of water spinach amount in noodles, increasing the irradiation dosage caused increased breaking length and lowered hardness. Increased of dose irradiation resulted in the increased of breaking length and decreased in hardness. The irradiation caused changes in the starch-gluten network by softening the noodle texture. However, increasing of dose irradiation increased the cooking loss and decreased the cooking yield of the WYS noodle. Physicochemical properties revealed that no significant difference in the moisture content, pH and water activity of the WYS noodle when the irradiation was applied. Irradiated WYS noodles have lower lightness and it has no significant change in greenness and yellowness. Irradiation showed strong disinfection potential for the noodles. Other than that, most of the WYS noodles spoiled on day 5 and this is due to high moisture content and consequently, water activity in WYS noodles reduced the shelf life. Irradiation gave little changes on starch granule. However, the increasing substitutes of water spinach level starch granules clumping together significantly. Moisture content and greenness of WSY noodles increased gradually on increasing the level of substituted water spinach. Form this study, it can be suggested that irradiation 7-10 kGy will prolong the shelf life of the WS noodles.
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